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Summary

We have characterized the s.patio-temporal performance of four soft x-ray
streak cameras. Our objective in evaluating the performance capability of these
instruments is to enable us to optimize experiment. designs, to encourage
quantitative analysis of streak data and to educate the ultra high speed
photography and photonics community about the x–ray detector performance which
is available.

These measurements have been made collaboratively over the space of two
years at the Forge pulsed x -ray source at Los Alamos and at the Ketjak laser
facility an CEQ Limeil-Valenton. The x-ray pulse lengths used for these
measurements at these facilities were 150 psec and 50 psec respectively.

The results are presented a= CJvnamlcal iv-measured modulation transfer
functions. We also calculate llmlting temporal resolution values.

Emphasis is placed upon shot noise statistical limitations in the analysis
of the data. Space cl)arge repulslon in the streak tube limits the peak flux
at ultra short experiment duration times. This limit results in a reductlc)n o+
totai signal and a decrease 111 signal to noise rat?.o in the streak image.

The four cameras perform well with 20 lp/mm resolution dis=ern~{ble in data
from the French c650X, the Hadland X-Chron 340 and the Hamamatsu C1936X streak
camera5. The Kentech x–ray %tr-eak camera has lower mtzdulation and does not
resolve below 10 lp/mm but has a lonqar photocathode. The C.65CIX bi–lamellar
design shows uniform high fidellty recording ~cros.s both spatial and temporal
dimensions. The other three stredk cameras show resolution deqradatlon off
axis. This must be weighed against a 10X lower streak tube throughput for the
C6!50X.
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Introduction

We are presenting test results which compare spatio–tempm-al resolution
Chararterls+.lC5 of three commercially manufactured soft x–ray streak Cameras and

a Prototype of the C6SOX soft x -ray streak camera made at CEA Limeil-Valenton
using an RTC P650X s>treak tube (ref3) and now commercially available from the
Thomson CSF company.

These tests have been done with ultra short x-ray pulses both at the
Forge(refl) pulsed x-ray source facility at Los Alamos National Laboratory in
the United States and at the Ketjak(ref2) laser facility at CEA Llmeil-Valenton
in France.

The purpose of this research is to evaluate the relative performanr.e of the
C650X , the Hadland X–Chron 540, the Hamamatsu C1936, and the Kentech ~oft x-ray
streak cameras. Experimenters in the ultra-high-speed community need this
information to make knowledgeable choices of instrumentation for time resolved
x-ray experiments in the subnanosecond and nanosecond range. Often experiments
require many time resolved detection channels which are both contiguous and
synchronous In a single measurement. l~me resolved x-ray spectroscopy or x-ray
imaging experiments which use streak cameras as ultra-t]lgh-speed position
sensitive x-ray detectors are frequently constrained by limited information
density.

Optimization of the experiments and quantitative understanding of the data
require knowledge of both the modulation transfer function (PITF) in the spatial
axis of the instrument during the streak and the temporal resolution . This is
the spatio-temporal performance charactet- of the instrument.

Complete studies of these dynamic performance features have not previously
been done. Particular care must be taken to measure performance under relev=,nt
conditlcms arid to make complete measurement sets (ref4staridards) . We have fourld
that there can be significant difference% in the static MTF and the MTF measured
in the streaked mode. “The MTF is not usually constant across the streaked
~mage. l’he%~ characteristics abviously vary between ln%trl~ments.
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This set of tests is directed toward the class of instruments which use a
large electron extraction field at the photocathode irl order to obtain temporal
resolution limits of a few picosecond at the fastest sweep speeds. Compared to
low extraction field designs, this high extraction field configuration can
result in degraded MTF for some streak tubes. (ref~ !550RCA)

We have not performed detailed MTF characterizations on the two picosecond
range x–ray streak cameras which use the RCfl C73435 and the similar RTC P501
tubes respectively. Our exten~ive experience with these instruments (ref6
SXRSC,550) has shown them to have limiting dynamic spatial resolutions of
about 5 lp/mm when used with high extraction fields in the picosecond regime.

The Soft X-ra v.Streak Qameras——

For the purpose of an informed comparison, we have listed important features
of the four instruments in Table 1. More complete description= may be obtained
in the literature and from the manufacturers. We w1ll try to include relevant
observations on subjective operational differences as well as quantitative
performance measurement%. 911 of the instruments use avalanche transistor sweep
drivers. fill of the data have been obtained on Kodak negative film after the
intensification of the streak tube signal by rhannel plate image intensifiers
(ITT type F411.3, F4112). The Kentech and Hadland data were taken with Royal X
Pan film. The C650X and Hamamatsu data were taken with type 2?483 film.



8/15/S6 –5–

Table 1. Soft x-rav streak camera features.

Hadl and Hamamatsu Kentech
C650X X-~J3ron 540 C1936

Streak tube RTC P650 Photochron II
—.

‘ii2019— .—.- Kentech
Tube type E3ilamellar

—————-
conventional conventional conventional

focus ._. ————..——
Astigmatism

..——
Yes Yes Yes No

correction - Each SPeeQ___--———
Cathode voltage

—— ---
15 17.0 6.5 14.78

(kV)
Extractio; field

—
60 2(:) 7.!5 ~(:)

(kV/cm)————-. — -— —_——
Photocathode to ‘n

——.— -—
&.F8 c).–5 Z.(j ~Qi!

extraction grid
space _@@___ —.—-- _._—— —.— .—. --———
Useful photocathode

—.
12 17 i~ ~~

Lan.at.<mm) _-_ __. _.._..__._.___.._.._________________________
Phatocathode slit 1C)(j a(:) SC) zoo

width (microns) ________-_..__-._-.–––_—_______-..--—.---————-— -.....
F’hotocathode

—
2X 15mm=

-—
on slit on slit 5X30mm=

configuration area separate area separate
from slit from slit---———-— ..--——- --.-.——--— .— --—-—— --.----.——— ———

Tube ma~ificatlon
.—

~x
—— —-----..

1.6X 1.6X 1.2X.— —- .—— -~._-——

Tube .le.ngt_h_lGm.l.__._...—— 40 T(-) 15 34-———.-.—-- ...—.-~ —.-.-—....——.-.-..—.—— -----— -...——..-.+—------..--.—.-

Sweep speeds 4(:) 20 S()(j 66 1~.5 $33

(ps/mm) 50 50 1000 133 2EI.6 250
8(:) 1O(j Zo(jw ~3T.-,..- ~~ 1(><)I-l

200 5000 666—-. —— —— .—— - -— _— —————-—— .—-.-

Photocathode requires remotely remotel y requires
rccessabi lity instrument remountable for remountable for Instrument

demountinq inspection and inspection and demauntlng
for access UL~wnA _____ re~~~cem~nt -.._---.~~EG~~%G5.%.5.........--------.-..— ——— ——— ——-— —-—

Phosphor screen (55 50 25 5i)

gjgg.. flyrn)- —-..4----.——. .—-——-. -.---—---.-—-—-—----—- —-——--—— —-.-—- .--.—— --—.—- ..-.—.-.—.-----.-..-.

Relatlve camera i).1 1 1 1

ggnslijyjky..- .._. .................. ................................................... ......
Imaqe intensifier ITT” F4113

------.-..--.—......------
irr F’4113 ITT F4112 ITT F4113

40 mm 4~ .!!!!?l_.._-_.-.---..-za. N!!!.__-..__._4Q—mmQ.. mm. .......!!S9’!I. ..–_.._..--—-__. __-.–. ._.._.....-....--.-.–
Vacuum pumpinq small turbo small turbo 8 1/s ion pump pumped by

pump pump experiment
vacuum ~YSt.f2rn.—-—— ..--— --.—.—-. -.—-——— ...—.......—— -------.-.—.-——-—-------------.----—--——— — ———-

Tube construction glass, ceramic, glass, ko~.ar Rl(lminurn,
Kovar stainless steel plastlc standoff

epc~xy castinq Llpen to chambw
vacuum in re..
.entraok_.@.gilm.-.....—-..”-—-......---.--..-— —----------.--——-—- ---------—---.-,.--—-—---—----—---.-——---—-----.--——---—----
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C650X (Fiqures 1 and 2)

This instrument has been designed for optimum spatio–temporal resolution.
The concept of the bi-lamellar P650X tube 1s based mainly on two technological
advances. The first is an intense accelerating field applied to the
photocathGde (6CIkV/cm) (ref3). The second is the use of two focusing electron
lenses designed to work independently. A quadrapole lens is used for spatial
focusing and a separ~te cylindrical electrostatic lens focuses In the temporal
direction.

The C650X streak camera is ccmveniently self contained with the control
settings on the camera chassis; sweep window durations and differential
variations of the sweep speed along the screen are supplied with the camera.
The soft x-ray tube 1s actively vacuum pumped with a small 40 1/5 turbo pump.
The instrument slides away from the chamber on a rail for photocathode access
and replacement. This operation ca~ be performed several times a day if
nece5sai y. The photocathode slit l= 122 mm. Thin film photocathodes (300 A gald
on 3000 fi parylene) have been used for these tests.

This instrument was engineered to meet a stringent Los Alamos specification.
The design constraints fccus on spatial resolution, on user convenience and on
reliability and flexabillty under laboratory cor~ditlons. This streak camera is
compact in A single chassis. 9 wide variety of sweep speeds and sweep option5
are switch controllable at the chassis. Astigmatism focus corrections for the
various %weep speeds are separately controlled. The photocathode can be
extended remotely for viewing through a vacuum window without breaking vacuum.
Tt~e phutocathode can be replaced b)’ removing the vacuum window without moving
the streak camera. The useable photocathode silt lenqth is 17 mm. A 40 1/5
turbo pump provides active vacuum pumping of the streak tube. A 4>:!5cut film
back 1s provided for Image recordlnq as well as a F’olar-old film back. A durable
ceramic, stainless, steel, and cast *poxy streak tube con%tructlcm is used.

Hamamat.su C1736——.— ——-—.-—._—— (Flqur-e 4)...—...-.--— ..—-

Thf? Hamamatsu soft x-ray streak camera was also engineered to meet the same
Los Alamos specification as the Hadland X-Chron 540. The streak camera is also
compact with all of the adjustment% on the camera chassis. A ‘small external

power supply is part of the system. Four sweep speeds are used. The
phatocathude may be remotely extracted fur external vlcwlng through a vacuum
window. Photocathode replacement. 1s executed without moving the streak camera.
(%1 H 1/5 Ion pump actively pumps Lt)e streak tube. M astlqmatic focu5
correction is integrated into this streak camera. A .35 mm motor drive film back
is available: however, a standard 4x5 Polaroid +llm back i% not offered. The
photocathode IS relatively smt,ll , 10 mll~.



i-
Et/15/86 –7-

This instrument was engineered for re--entrant positioning of the photocathode
close to the scwrrce inside of the experimental chamber. It fits in a 10 inch
port and extends 20 cm inta the chamber. The sweep controi chassis, the EHV
power supply chassi=, and the user supplied intensifier controls and supplies
are separate from the camera. The mechanical engineering is inferior to the
other three instruments tested but appears to be adequate for many applications.
The photocathode and cathode slit mask are supplied as separate items. A
Polaroid film back is available but a negative film back is not offered. The
streak tube, which resides in the experiment chamber and depends on the
experiment vacuum system, is assembled of plastic and aluminum parts. The
useable photocathode length is a relatively long 25 mm.

Experimental facilities———

The Forqe

The Forge pulsed x–ray source facillty at Los Glamos National Laboratory uses
a high power ND:glass laser to focus 1.5 J of 1.06 micron light onto a 100
micron spot on a target in lC)Ups. Tne laser pul%ewidth can be varied up to 1 ns
with a comparable Increase in pulse energy. The Forge x–ray source is viewed by
the streak cameras through a vacuum. An aluminized !23 microg/cma CH filter is

used for these measurements as a (JV and charged particle shield. The target to
streak camera photocathode distance 1s 56 cm for the Had land and Kentech cameras
and 66 cm for the Harnamatsu camera.

The laser irradiatiorl conditioris in the%e measurements were held to 0.18 J at
2X i~lSW/rm= ontc) a gold slab tar get. Hiqher energy laser pulses resulted in
saturation level expctsures in the streak cameras.

Ttle photcrcathodes on the Hadland, Hamamatsu, and Kentech cameras consist of

thin films C30U A Al on 1000 9 paraiyene(CH)l which are directly mounted onto
th= cathode slit aperatul--es of the streak tubes.

The Ketlak Laser FaQ~~&—.—

The E.et.jak 1aser- facll]ty at CEA l.imell-Valeriton uses, a high-power ND:glass
laser to focus 35-50 psec pulses of 1.06 micron light in a IO(I micron spot onto
a metallic target.. Under the-e condltlorts the laser produced plasma deli~ers
one or more x–ray pulses of approxlma~.ely 50psec duration. rhe C650X streak

camera is coupled to the exper lment vacuum chamber and views the target through

an aluminized CH filter used as a UV and charged particle shield. The target to

streak tamer a photocathode distance is 13<) cm.

Measurement technicwe

Resolution in both the temporal and the spatial directions of the streak
cameras are measured. We have observed that the temporal and spatial resolution
cha~-act?rictics of some streak cameras are mutually dependar)t and that to
optimize resolutlcm in one axis req(~lres a compromise in the resolution in the
other axis. “Thus buth featurel:, must be evaluated under the same focus

conditions.
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SDatial resolution

O variety of resolution masks were used to map out the modulation transfer
character of the four instruments. In all cases, the resolution masks discussed
in this comparison consist of free stancilng gold bars separated by spaces
nominally equal to the bar width. The 18 micron thick gold bars are completely
opaque to the incident x-radiation. This produces total shadowing of the
photocathode at the spatial frequency of the mask. We uzd shadow masks with
spatial frequencies of 5, 8, 10, 12.5, 16, or 20 lp/mm.

Tha mask is positioned 1 to 2 mm from the photocathode. Penumbral blur-ring
of the shadow by the source size and by the experiment geometry is less than 0..?
micron and is n~gliqible.

The spatial frequency values in this comparison refer to that of the shadow
mask at ths streak camera photocathode iri%tead et t’.at in the streak image. The
various streak tubes have different values of photocathode—to—screen image
magnification.

~emporal resolution.—

X–ray pulses with pulselengths less than the temporal resolution of these
instruments were not readily available. In order to estimate the temporal
resolution, we evaluate the imaging fidillty in the temporal direction and
calculate the expected tamporal response. Where the pulse shapes and energy
distributions may be taken to be qausslan, the temporal resolution is
approximated by: (ref7)

The minimum time resolved eJement, t“, for a given sweep speed V–’ (psec/mm)
and the experimental (unswept) width, Xc, of the silt image in the temporal
direction is given by:

t. = x= v–’

The transit time dispersion ( ref7) t~ resulting from the photoelectron)
energy spread (delta epsilon) (eV) and field E(V/cm) on the photocathode l= given
by:

td = 2.3 x 10-- (delta epsilon)AZ=/E

The energy spread, delta epsilon, of .%.5 eV or 4.6 eV for incident 1487eV x-ray
photons on gold or aluminum respectively may be had from Henke”-+e .
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Data ctrncessi nr3 and analvsis——

Film digitization

The data was recorded cm negative film with a density c=~ibration wedge.
The Image was then scanned with a microdensitometer at aperature sizes
appropriate to the spatial frequency of the data in the image. The digitized
data was then converted to relative intensity values through the D–vs-logE
calibration data.

Digitization of the data was performed with a Joyce–Lobell microdensitometer
at EEA Limeil—Valenton and with a FDS computer controlled rnicrdensitor,eter at
Los Alamo=. Image processing was accompli=jhed using a Recognition Corlcepts image
processor .

Imaqe analysis

High tidellty recc)rdinq of temporal or spatial detail in an ultra-fast signal
is limited by the signal–to-noise ratio in the image as well as by the sti-~ak
system imaging capability. The signal–to-noise ratio becomes a mrre important
issue as the recording time becomes shorter because the instantaneous charge
cltrrent in the streak tube is limited by Coulomb repulsion effects.
limit is exceeded,

When this
temporal a~~d spatial fidellty of the system is degraded and

sat’u~ation becomes apparent. Thus the integrated electron signal throuqh the
streak tube, which must make up the streak image, is llmited by the product of
the tube saturatior~ current ar~d th~ signal pulse width. The image may be
intensified to obtain adequate signal levels for film recording but this does
not improve the shot—noise-limited statistical charactw” of the data. Because
o+ this signal level limitation, the full temporal and spatial fidelity of the
streak system may not both be simultaneously available.

When we wish to analyze the streak image w~th empahsis on spatial fidelity,
we may need to integrate signal In the temporal direction for a number of
re=mlutlon times to obtain adequate statistics for the full spatial
resolution of the streak tube to be appar’er~t. Similarly, if we wish to obtain
the limiting spatial resolution o+ the instrument, it may be necessary to sum
over a number of spatial resolution lengths for adequate statistical
character in the temporal profile.
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The contrast modulation in the data is defined here as the ratio =+ the
intensity modulation to the peak intensity with an adjustment +or the background
level of the film.

Contrast = L__. - LmAfi_ ——---
:L__M – background

The modulation was obs~~ved to vary in the stre~k image. The uncertainty in
modulation is tabulated in Table 2. In these characterization tests~ we have
used flux levels as high as possible without going into saturation. However, it
has been necessary to use the integration techniques described here to evaluate
the full temporal and spatial capabi?.lties of the instruments. Substantial
signal averaging in the temporal direction was necessary ta reduce the error In
modulation level to the few percent letiel. The area of integrating used in each
measurement is listed with the value in Table 2.

12baracterlzation results—

C650X

The measuremerits on this instrument used the 50-psec x-ray pulse from the
Ketjak faci..lity. The static image of the slit, X-, has an average width of 10u
microns acrass the screen. With a sweep rate of V–l of 50psec/mm, we would

obtain a temporal resolution value? tau, o+ 5 psec anywhere on the screen at the
fastest sweep.

(At this sweep speed the dynamlr temporal resolution extends to 20 lp/mm at
the limit of visually discernible modulation. The modulation transfer function,
a more meaningful representation of the instrument performance, is given in
figure (Tl). Signal averaging of 50psec in the ti,l,~direction was used
determine the modulation depth at the 5, B, icl, 12.’5 and 16 lp/mm resolutlor~
values respectively. 6 plot of signal amplltude vs position for the 10 lp/mm
data IS given ir, fiqura(T2). [he streaked im~ge of a iO ip/mm resolution
chart 1s shown In figure(T3 ). The modulat’.:m at 10 lp/mm 1s 85X.
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This instrument has demonstrated uniform high fidelity recording capability
across both spatial and temporal dimensions of the sweep. This advantage must
be weighed against the tube throughput which is a factor of 10X lower in this
streak camera than in the other three discussed here.

Iladland X-Chron 540

The measurement= presented for this instrument were performed with 150 psec
duration x-ray pulses at the Forge x-ray source . The static imaqe of the slit,
x= , has an average width of 170 microns at the screen center. At midpoint.
between the screen center and the end of the sweep the width of the static image
degrades to 220 microns. With a sweep rate of V-i of 50 psec/mm, we obtain a
temporal resolution value, tau, of 9.2 psec at the center of the screen at the
fastest 5weep.

At this sweep speed the dynamic temporal resolution extends to 20 lp/mm.
The modulation transfer function is given in figure (Had i). Signal averaging
Crf so, 50, !50, 100, 33 and 50 psec if] the time direction was necessary to
unambiguously determine the modulation depth at the 5, 8, ;C), 12.5, 16, and 20
lp/mm resolution values respectively. 9 plot nf signal amplitude ver%us
posltlon for the 10 lp/mm data is given in figure(Had 2). The streaked image
of a 10 lp/mm resolution chart IS showr~ in figur-e(Had 3). The modulation in
this data is 70Z. This modulation degrades to XX% at the edge of the screen.

The measurements presented for this instrument were performed with ISC) psec
duration x–ra~ puls@s at the Forge x-ray source. The static image of the slit,
xO, has an average width of 13CI micrbns at the screen center. At midpoint
between the screen center and th~ end of the sweep the width of the static image
degrades to 190 micr-ons. With a sweep rate o+ V--l of 66 psec/mm, we obtain a
temporal resolutlm value, tau, of 13 psec at. the center of the screen at the
fastest sweep.

At this sweep speed the dynamic temporal resolution extends to 20 lp/mm.
rhe modula+.ion transfer function is given in +lgure (Ham 1). Sigr4al averaging
of 15, 1:/, 33, 66, 10CI, and 130 psec in the time direction was necessary to
unamLigously determine the modulation depth at the 5! El! 10, 12.5, 16, and 20

lp/mm resoluticrr values respectively. A plot of slgrlal amplitude vs position
for the 10 lp/mmi data is give~~ in flqure(Ham 2). The streaked image of a 10
lp/mm resoluticl~ chart 1s shown in +lqure(t-iam :5). The mc)duldt.~ur) 111 thi, data
15 !547.. This modulation degrades to XXX at the edge of tt:e screen.

kentech——.

The measurement:-, pre5er~ted for this instrl~ment were performed with 1!50 p%ec
duration x–ray pulses at the Forqe x--ray source. l’he static imaqe of the silt,
x has an average width of 215 micrur)s at the %rr-een center. At midpoint
b~;ween the screen center and the end of the sweep the width of the static Image
improves to 200 microns. With a sw~ep rt~ke ot v-i of !5u pseclmm, we abtaln a
temporal resolution value, tau, of 11 psec at the center of the screen at the
fastest gweep.
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at this sweep speed the clyramic temporal resolution extends to 10 lp/mm.

The modulation transfer function is given in figure (Ki). Signal averaging of

157 2s, and 50 psec in the time direction was necessar-y to unambiguously

determine the modulation depth at the 5, ~, and 10 lp/mm resolution values
respectively. A plot of signal amplitude vs position for the 10 lp/mm data is

given in figure. The streaked image of a 10 lp/mm resolution chart is shown
in figure(k;3 ). The modulation in this data is 24%. This modulation degrades to
XXZ at the edge of the screel~.

Summary g~.results

The contrast modulation results from the four soft z–ray streak cameras
evaluated are summarized in table 2.

T/)ELE 2–Modulation results aver-aged over time for unambiguous determination
of streak camera capability.

1 1 I
—.—.— ..—..—— L_

I
--L .--.. . .-—.-—

:
———— I——— .-.

z lp/mm I ?2~4z : 82~lCJ% % w~ 5% I 40~ 72 :
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The effective temporal resolutions of the four instruments, at the fastest
sweep speed available with the individual instrument, are tabulated in Table 3.
This coupled with the useful photocathode size, the output screen size and the
spatial resolution at 30% modulation results in a quantity: the information
capacity of the streak system. Calculation of this quantity is. slightly
complicated by pragmatic constraints. The modulation transfer function is not
uniform across instrument in space or in time. The entire 50mm screen cannot be
used with a 40mm diameter image intensifier. Thus we use ~verage values to
compute the information capacity of the streak system which is taken to include
a standard image intensifier size. In addition to the imaging limits of the
streak system, statistical noise will constrain the achievable information
capacity to well below this optimum value.

Information capacity = (Rave Ln=) (J)lx/x=w_)

: I
I Hadland ! Hamamatsu i Kentech I

1 C65’JX I X-Chr-on 540 I C19.36 I.— —.—— &. _________ _____
I

——— —.—..’.
i II II t 1I

~.a* 1 1.4psec .A-..%6BEKE1..--...–1— 9.6psec :___ ___–_____....—=- -L —-_ 3.6&s.ec :
#I 8 I 1I I

Fastest : II ; II :

Speep Sp_eed 1 4(@~ec/mm ~ 20Qsec/mm ; 66psec/mm I 12.5Dsec/mm-j.— -—..-.— ..—. _ _____ __ -.-.—.-—-—-— ..-..——-— .-—---..— —.# I

Static Slit 1
i II I

I tI : 1

Image Width : : : 11 1
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Conclusions

The four soft x-ray streak cameras evaluated have shown good spatio-temporal
fidelity. Each instrument was shown to have both strengths and weaknesses. The
C650X has particularly high fidelity and uniformity of spatio–temporal
resolution across the output screen. Users must weigh the relative advantages
to their applications of spatial and temporal resollltion, of r-solution
uniformity, photocathode length, user convenience, and instrument cost.

It is important that shot noi~e degradation of the sigrlal to noise ratio in
the streak image be taken into account in experiment design and data analysis.
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MQTIVA TION OF CHARACTERIZE TION WORK

● DATA IS CRITICAL FOR OPTIMIZATION OF QUANTITATIVE
STREAK EXPERIMENTS AND FOR INTERPRETATION
OF THE RESULTS

.

● COMPLETE STUDIES HAVE NOT BEEN AVAILABLE
IN THE LITERATURE

● MISCONCEPTIONS AND PREJUDICE THRIVE IN THE DARK

● THE INSTRUMENTS ARE COSTLY - DETAILED PERFORMANCE
RESULTS HELP SELECTION



OBJECTIVES OF CHARACTERIZE TION
MEASURE,IUENTS OF SOFT X=RA Y

STREAK CAMERAS

● MEASURE DYNAMIC MODULATION TRANSFER
FUNCTION (MTF)

● EVALUATE TEMPORAL RESOLUTION

● EVALUATE INTERDEPENDENCE OF SPATIAL AND

TEMPORAL IMAGING CAPABILITIES

● EVALUATE LIMITATION OF SHOT NOISE ON OVERALL
INFORMATION DENSITY

c PROVIDE TO ULTRA-FAST STREAK COMMUNITY A
GENERAL COMPARISON BETWEEN AVAILABLE

INSTRUMENTS
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DATA ANAL YSIS

● FILM REcoR~~NG - KODAK RXP, 2485

0 MICRODENSITOMETRY - PDS COMPUTER
CONTROLLED, JOYCE LC)BELL



SHOT NOISE LIMITED INFORMATION DENSITY

o colJ~oMB REpuL$[~~ IN TUBE LIMIT~ ~E=oLuT[oN AT

HIGH CURRENT

● IMAGE IS MADE UP OF ELECTRONS, Qcol

●A max -cl ~ol/At TOTAL CHARGE COLLECTED IS
RESTRICTED IN SHORTER EVENTS

● wH~R~ INSTRUMENT s~ATlo-TEMpoRAL R&soL~TloN

CAPABILITY IS GOOD, SHOT NOISE LIMITATIONS OF SHORT
PULSES MAY STILL LIMIT INFORMATION DENSITY IN THE
STREAKED IMAGE

● To D~TERMl~E l~~TRu~E=T RESOLUTION ~A~ABIL~~y

IN TIME OF? SPACE, WE INTEGRATE THE IMAGE IN THE
PERPENDICULAR DIRECTION FOR ACCEPTABLE STATISTICS



MODULATION CONTRAST CALCULATION

c=
L max -L min

L ~ax - background
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. MODULA TIO/V CURVES AT 1(? Ip/mm

C650X
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TEMPORAL RESOLUTION

TRANSIT TIME DISPERSION Td[p~)=2.3x10-8 (fh@/2

T

IMAGING CONTRIBUTION TO TEMPORAL RESOLUTION

T“= x#- 1

x~ = IMAGE OF SLIT ON PHOSPHOR (mm)

@s SWEEP SPEED (pwmm)

E = EXTRACTION FIELD STRENGTH (V/cm)

AI = ELECTRON ENERGY SPREAD (eV)

AxAu = 6.5eV, AIAl =4.6eV at 1487eV X-RAY ENERGY

FOR GAUSSIAN DISTRIBUTIONS AND PULSE SHAPES

T=(Tv2+Td2; l/2



CONCLUSIONS

● ALL FOUR INSTRUMENTS OFFER QUALITY PERFORMANCE

o THE USER MUST SELECT BETWEEN VARIOUS TRA~~-

OFFS OF INFORMATION CAPACITY, RESOLUTION,
RESOLUTION UNIFORMITY, PHOTOCATHODE LENGTH,

USER CONVENIENCE AND COST

● USERS SHOULD BE CAUTIOUS OF THE EFFECT OF SHOT

NOISE IN SINGLE-SHOT ULTRA-FAST APPLICATIONS.
ADEQUATE SIGNAL MAY NOT BE AVAILABLE TO
UTILIZE THE FULL CAPABILITY OF THE STREAK
CAMERA.,


